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(54) SEMICONDUCTOR LASER MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an InGaAsP 
semiconductor laser having a carrier confining structure 
in the horizontal direction of an active layer at a single 
production process, without exposing the side face of 
the active layer to the outside at the mesa etching. 
SOLUTION: A Se-doped n-type InP block layer 107 is 
crystal-grown selectively at the mesa side face only by 
setting the doping concn. to about 2 x 1019cm-3. The 
dopant Se in this block layer 107 diffuses in an n-type 
InP cap layer 1 06 and an InGaAs/InGaAsP quantum well 
active layer 105 at the mesa side face adjacent to the 
block layer 107, resulting in that the cap layer 106 and 
the active layer 105 become disordered with diffusion of 
Se into an InGaAsP mixed crystal 1 1 2. 
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(57) [38ft] 

B\ K— tr^j»«S:2 X l 0 l9 cm- 3 gj£tri£5£1-& 

5 0 nllnP^^llOyfOK^yh 
^5Se^ niInP^oy?il07l:|Wlt 
^ IHBJBjO I nP^^il 0 6, I nGa As 
/ I n G a A s Pj^#F8H4Ji 1 0 5 iZLffltrTS £ £ 
nil nP^P^il 0 7K:«*L*:*1MIII 
ffi^niHl nP^ty/H 06, InGaAs/In 
G a A s P*T#FffittJf 1 0 5 tf* S e ©Jtffcfc#V^ 
ftflHkSJt. InGaAsPi|112^45o 



UWr4 *r 




■^2 



1 

I n paag±tc, plInP^7-yK§, 
1-ftfInGaAsPStti, nil nP^rtyT'lj: 

nP^nyjrJlSrpt ifffljffitc: | Bg^tCgfoaA^jgg 
fc. pglnP/ny^l^MtSIgJ;, *1HB-h 

InP^ 9yKI, nllnGaAsPayj'^Hj: 
)lB feK:?gjfrt-5Xgfcfr*rU SfrK:. S e K-Znl 

I nP^oy^MfclttLfcl nGa As P^ttB^ 
gWbtt InGaAs P^j£j^Xg^tf^_^ 

2 1 i vM<o^m» u-wmttfik 

K*5V>T, Se K-/nII nP^ny^ISriNMS, 
pll nP^n-^^l^t^l^iot, 
CjBotnll nGaAsPl^MtSriSrtfi 

IB»**3l nIInP«±t^^I^fL 

-c. n§« i npssx^if;* Yy^-fmrnttM-t* 

i:> StrlE-^^^JgSr^SLfc^lr, s e K-/nI I n 

p ^ a y ^ g §r p< -^fflflst- £ att^a*ji*-f-5xe 

i?il»Fi»minGaAsPiStt 
J5. pSlnP^77Ki, pSlnGaAsP^y^ 
* h«*J«*}-^-r5I®tSr*b, Se F 

-ynll n P^'n y^g{Cg|^Ufc I nGa As PS 
ttJf&ftfWflSLT InGaAs PiS*}r-f-5X@Sr^ 

[19**4] »**3|EiJ«?iNW*:u— ifO«3i*jfe 
}r*3V^T, -?X?ffi%l&£Vtz.^ Se K— ^nll n 
P^ns/^»Srj*e-t-St5fe3io-C, ^WftfioT 
nil n PlS:Mt5r t ?:»it5^i*wf 

5 ] nfcfcg 3 lE«c<o^^ W-lf ro«3t*ife 

6 ] fft&g 3 * fcttW** 4 !Bgctf>¥^#: 1/ 
— r«5«3iE*r«6fc*V^-C, pll nP^o^loi* 
SmSl nPtRCpI^Srfeirt-Sittiot 

f Btfe(^^a»#:V— if' (Ogit^fe^jSV^T, pll nPZf 
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InGaAs Pj||^I nPSgt^i^tSi? 

ffitt/f ^Mfi^#FSts^y racisms r t 

11**8 9] nIInPSiJ:l:^?i?rMl 
t, nil nPS^Jbi^ir-* h^-Y^itS-^-rS 

"C, nllnP^yy KJB, *?#F#*5it:£tf I n G 
aAsPiSttl, pSlnPll^yyKlSrWtS 
Igi, SeK-ynIInP7*B<y^IS: 
10 ^ t«It I BS^ffi*iJ^t5lSi: , §l#ife*, ± 
m^pMl nPl2^7> Kg, pilnGaAsPa 
h*Srmj*i-«XSi:Sr*U WIS I n G a A s 
Pffitiiwd^il, ^if^fflglUitt^T^if^ffi^^ 
< * o -cv * 5 £ £ £ a w«3fi 

[BS^f^fflfttftK] 
[000 1] 

20 ^JWtfBfifcftjSfe-Cf^JI bfc I n G a A s P 
[0 0 0 2] 

[«*«?S«] iS^, InGaAsP/InPlfl* 

(BH ; Buried Heterostructure) (f b 5 0 
[0 0 0 3] 1211 3(4#5B^P7-2 2 6 9 2^-(r^£*l 
TV^BHl^- ifco— MSr^-f-0t?fc5 o IS1 1 3 CD B H 
\/~^*m&~tZ>Wr&\^\±, &1\ MOVPEK£5, 
30 p-InPSSl±tp-I nP^77Ki2^*L 
fc^, 7yF-7"InGaAsP/InGaAsP-| 
ftll^-#F(MQW)?SttS3, n-InP^7?Kl4 
Sr«ftte»J*i-5. S i0 2 l?r«ft7^- h 

y y^77^ xa&j&fc&fc, S iO^v^^tL 

ffiSrW-TS^if* b9>f y*r»/dW"*. S i 0 2 

K«:«*Ufc*TiU MOVPEte±»K ^l^h^T' 
WS&p- I nPfflJ6Mi5, n - I n P 
6, p - I n PMlbi&frS 7, n- I nPti&&^S 8 
40 -eSi{>i&tr 0 #Ci^ S i O z «Srl^*bfcm, MOVP 
E J; 9 n — I nP W-i&VcM 9 . n-InGaAsP* 
+ S'^ , SlOS:ait5. ^co^, S iO z ^l lirj: 

[0 0 0 4] La»Ufc#S>, Xx&UfcJ; 5*BHl/- if 
{c:43V^-c^4, ^SfiS;ftx©Sr3jHlff*fc>'tftntf'fcP>^ 

5. tfc, 1 @BO!ti«#t»^tfc I n Pit I n 
50 GaAsPMBS, ^ifrty^v^J;«3fflEttli~ 
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So scorns. •€:^<^MovpE-e2igscoai«)a* 

JSftfiSrfTfc 5 fc*(0#ffi.«Ffr, I n G a A s PSttJf <RI 

Sr«Sft»ttbliftbftV^^ I nPiE^AsHsSrS 
ttSitrSi:, PiAs^)IW4Ubt5o rco^g 

I nGa As PSRfc4*W^fc^T?*>« 0 
[0 0 0 5] Bl4lt ^¥6-9 7 5 8 8#fc*£ 
tlTV^ffi<??BH^ if<OMSr^i"0*X?fc^o HJ14C7) 

14±tInGaAsPiSttll5, pHnP^77 
Kf 1 6SrMB?»c^tf**^Y^*Sii:5o Scfc* pi 
I nP^7y KJS 1 6 (D_hffii^^ h 94 -7ft<D9tmtttt 

V\ <111> *fnl^^ h^-fzfWKDV y^fcJMfc-f-*. 

/***fl=T\ pll nP^7y KSl 7, pll nP^ 
py^I18, nil nPT'p^Il 9§rJiI*^t: 0 ^ 

nP^7iv KJS 2 0 Sr»j*-t-5. 
[0006] r^BHu— iPfc*5V^», 3BfiA6ftxa 

ffi^ttULtt* 5jK»> Ell 3£>BHU— if 
[0 0 0 7] iSttJtiMffiSr»a$**i^«l36i:b-r, HI 
(#I¥6- 1 7 74 8 2f)„ m 1 5<Dif*#:u — 

S^fcpSl nPlSllt, pMl nP^7;/ Kg 2 

Jl23tSr, MB&fcjfcSS-tirT, UtE^ -fr 2 1 £ g BS 
-g-Jfife^b-C*^, ?ltS#pIInP^7yKi2 
4, InGaAsPgtti2 5, nSlnP^7yKI 
26, nIInGaAsP3y ; J'^H2 7lr^^ 

•So 

[0 00 8] EI 1 5 O^MFflcU— jf«3fiT?tt, ift* 1 

tts 2 5 ©Tfci aat&w^^sjxs. 

[0 0 0 9] 

mwftfflk^zo k-rzmm] u«»b«tf&. mis 
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j;rw:*sp«rtrjsfe»=*£»b-cL*v\ Hi 3, @ 
i 4i-^-rj; 54BHU- ■^trjt^-r, B^SSfE 

[ooio] sh***^^*-*- v Tcom 

Vtetbrnffi^-t-Z I n G a A s P ft¥*flE if £ N 

10 gWirb-O^o 
[0011] 

9 -r -fmmttw-f&irz, nut, t-y-xb^sf ymmm 

OLtSfHltpMl nPS«±{r, P lInP^?yKl, 
l^FffMttflnGaAsPiSttl, nllnP 
**y:/**J«»clw»rit-t-3lSI:, 3l#«v^, Se 
K-/nI I nP/py^Sr/ffflffitiBS^I: 
ffi«>i&A/*!«lJ:, pIInP^Pj'^lSrMtSlS 

I:, ^ffiCnilnP^^yKf, nilnGaAsP 

S e K— /nil nP/py^itiSLfcI nGa A 
s Pgtt*«r*8y$5ft;l/ri nGa As PilllfSI 

[0 0 12] W#9l21BiW>*W»\ |f*illfS 

iJWiMMEV— !f©M5t^«fet=*5V^T, S e K-T'til 

InP^Py^JlM, piInP^P-7^i?rf 
^t5l:*iot, ^tl«otnSlnGaAs 
30 PJBSr^-f-5- b%<&mt LTV^o 

|0 0 13]*fc, I*#JS3lB*W>3B9!tt* nllnP 
S«i{r-T^^S^*bT s nIInP!S±l^t 

bfc4 *"C, ^t^h7^f ^«3tW«ffiic pIInPT" 

»£ % Se K-7 I nSlnP7*Ps/^I^^t«C|a 

tflnGaAsPgttf, pIInP^yj-Kl, pi 

40 tU SeK-/nSlnP7"a5'^«(r»S 
LfcInGaAsP ffittS SrtSISW'ft LT I n G a A s 

[0 0 14] *fc, lf*Il4|E«CD^BJi±, ff*3S3IH 

Lfc^L Se K-7*nII nP7"oy?fMft5l: 
9t±LoX, ^t»fBotnII nPjg?r^-r5' 

[0 0 15] lf*^5|EtfeW^BJtt, |f*il3|B 

fj(^a|#:i — ■ iP(OSSljg*jfe^*iV^-C, nSlnPStt 
50 ipll nP7 , t3y ; J'®i:0D|Wro^-^fl!)®iC 
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[0 0 16] £7c, lf*^6|E«c«0^», it*il3* 
pll nP7 , o 5 'i!'I©MS:nII nPlStpW 

[0 0 17] ff*^7IE«cO^{±, St*:* 175 

Sit *il 4 <d v ^-f ^-^kib^^S* u— if <r>mt 

[0 0 18] Sfc, lt*il8ta«W^«, §f**I175 
Sit **I 7 ovvf ^-^KfEicc7^i$#:i/-- if coMife 
^•ffi{r*JVNT, M&mkVti I n G a A s Pjg*!&* i n 

p ma t fa*m&-t s £ 5 k , stts ^ 

[0 0 19] £/c, l»*^9|S«c«^i4, nilnP 

Lfcf£(£ s *y-Mmz%;oX. nIInP^7yKi, 20 
S^3*F*5SSr^tf I nGa As PSt&f, pllnP 

tSlSi, ^ffitpIInPf2^7S'K 
Jf, pIInGaAsPay^^M^rMtSIgt 
IfFlEI nGa As Pgtti©f§ft, * f"¥±fl 

[0 0 2 0] 

mm^m^wmi kt, ^^sftfei^&iiiffi^ 30 
it 1 w«^jsr*-rm-efe5, eii £#%w-5cb> 

fcpilnPatlOllt^ ZnK-/pIInP^ 
fyWl 04, InGaAs/InGaAsP 
FSttJj 1 0 5 , nIInP^ty/1106, igj&K 
fcS gli^y£tfcngj nP^gyj'KS g K 
-yni i npyq y£g) 1 0 7^>B^ic^^nT 

[00 2 1] SeK-T'nllnPyay^l 40 

10 711 K-f^fegfr 2 X 1 0 19 c m- 3 ^^jg 

5o £/c, n IInP7'ny^ll0 7f(OKw-iyh 

* -tJ-ftflfficO nIInP^ty7"Ml06, I nGa As 
'/ I n gTa s PJr^mttJg 10 5 trfejfc-rS r £ 
tHXyjTlTM InP7'py^ll07 ivHSjgL-fc^ 
jgc? nS InP»ty7 , ll 0 6, In GaAs/Xn 

g a" a s p m s ?-#F ! mfem 105^'s'e <PKmtc#v ^ 50 
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[0 0 2 2] ^fc, niI nP ypy^ll0 7, In 
P vy>m 10 6 Jbi£tt» lHfWB^J5fc£3-lfc ni 

1 o 7^g3^-c-i^^r^^^J:5 

08j:, S e K— 7"nS I nP^7y KB 1 1 0 £ > S , 
e K— -f\ nGaAsPJ^nil 1 1 £ 7)>)'HffCK: 

B&ZinxioV, n§«i npay^ hJli l l 

iltllAuGe/Nilffil 13«§^ *7t, 
pll nPlSl 0 l»llAuZn/AutHl 1 
4^^$^XTV^S 0 

[00 2 3] HI 2 (±121 1 C^ift U-if <7?§!B£I@#iJ£r 

^-ria-xrfcSo ni 2 ^MiSi^j-ett, si 

2 (a){i*-rj; painPlSlOlltfglM 

migKoyif^ vuymmi o 2Sr^i-5 0 

J;5^-yMtfc«»i(s i o 2 ^) l o 3§r^^ 

[0 0 2 4] ±|ES i O z ffil 0 3£BfcfeU7U* 

fc, H12 (b)(;iSW-J; Z 
nK-/pIInP^75'Kil04, I nGa As/ 
InGaAsPi^Fgttil05, nllnP^ft 
■>7"il0 6, SeK-7"nSlnP^P7?I10 
7, Z n K-7"pI I n P7*n 1 0 8 «if 

[002 5] ^ Jr^FSteJP 105li, Mi 

(i s J¥c? 1 O 0 KJ&s&tD I n o. E3G a o. 47A s 
S&rJS£ 5 0 0 A*£*<0 I n G a A s P K=¥> y 

-CfeSo ^fc, S e K^nll nPZ?u*y?mi 0 7 

[0 0 2 6] 02(c)i^ti:5i:> ^^ffilw 

S i 0 2 JK 10 9 Sr^g r. (D S i 0 2 W 10 9 

MI nP^ny^I 1 0 7 CO* h^^^tI<bP)C^ ^ 

P^7yKI104^bSttI10 5?:ioT, pSI 

v^J;5d-r^^^-efo^ 0 -^b"C, SiO 2 ®H09£ 
^^tlt, pSlnP7^ny^il08S:K7^i 

[0 0 2 7] S i O z -e*^ 1 0 9§rB&*bfcf£ 

ir x i2(d)i:^ti:5^ SeK-ASlnP^7 

yKfllO, S e I n G a A s P ^ ^ hJl 

1 1 l«rat«£ffiteteft/**Slt:5o ---e> nil n 
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P»^y VM 1 1 0(OK-bV^Ig[j:lx l Q 18 cm 
- 3 @iS-efe^o tLt, nS I nP^7y KS 1 1 0 CO 

^fiNfSI«j2trWfc!), :wHtnIinP^ 

n-/^Sl 0 7^K~ ^°^h^&5S e/^\ nlln 
pyn^fl 0 7fc»«Ufc^*«ffi<^n® I nP^r 
t^yfl 06, InGaAs/InGaAs Pf^ 
F&teS 1 0 5 ^feft^o rcofctf), niInP7n 
ty^S 1 0 7C|(»Ufc*lMWffi*>na! I nP^^ 
1106, InGaAs/InGaAs Pi^^Ffitt 
fll 0 5^s e«)Jt»K#V^SfeJWtSiX, InGaA 10 
s PjKfi 112 fc*5 0 

[0 0 2 8]fSH, nllnPny^^MlllS 
BCAuGe/Nittlll3Sr*rtU *fc, pH 
n Plfil 0 llBilAuZn/AutSl 1 

[0 0 2 9] HI 2 CD^flsU-if <©«3e*J£"Ctt, I n 
GaAs/I nGaAs P*^#F«ttS 1 0 5 » 1 0 
I^S^pII nP^7i/K1104tnlIn 
P^^llO 6<D!Btett*tL**:*, S14Jf<B!lffi*s 
•USftsr ^tt, nllnP^^i 20 
10 6ft nllnP^Py^fllOr^ftUM 
fe*fc^ /ta±$5^I nGaAsP^UTltffi^b 
As^/ftirf-SrtSrS&lhb-CV^o nftlCfclK As 

jbmk>a s t p comm-^m ufc^»*«ettJiia«fc» 

[0 0 3 0] Sfc, ^f^h?>f^hotWWtt, 

MI nP^ny^fl 0 8*W7^l:±!5tT4 
fctb^o * tt, 7< iHMffiCO InGaAs/InGaA 
sPi^FSttil0 5lt nilnP^o^Il 30 
0 7^K^yht*SSeWffi|H:tO, 
«fcSB*^»fc««ff^**L, AAl 12 4:45, r 

=¥ty^^flffi^Sai i 2w*/v^yK* 

[0031] st, m9&Hk\^x^t£^m=F-&7*m<om 
mm*, nefcpffc bit i n g a a 8 psa i 1 2 <t d t 

[0032] B3 eii (o^mw\y—^<o^mm^ 

IfWiti^V^T, nllnP^oy^ilOTipII 
nPT'P^il 0 St<om\^ ^«l^ot, S 
fefc, nIInGaAsPl2 0 1«$tltV^ o 
[0 0 3 3] H3 0#*#W-lFfc, K#ftfcltt, 02 

(a)»s(d)o«igxs^j:ot:»3e"e#s^, z.<Dm 50 
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igXSt-*3V>T, nllnP^ny^Il 07SrM 

pSlnPyn^/^llOS^Mt^ttl^ ^ 
fWotnll nGaAsPg201 £r/&*£it 

So 

[0 0 3 4] t4fct>, H2(c)fc*Ufc*lTO±tta> 
pil nP^py^ll 0 8Sr^$/^^^-T5XS^d3 

te#u r<B«^<0«/*M, iswett, sio 2 io 

9Sr^^^^LT, pIInP7 , py^I108Srf< 
*«"e»<aifcpll nP^oy^Il 0 8Sr*^y 

I nGa As P UlJt^T I nPWyf^U* 
iSl^fc, niInGaAsP!201^5/fy^ 

nP7 ? P^110 8«»:i*tt, ^O, gftJi 
1 0 5K*T?3ity^^^36*JitP<pSrB&ih-r*r 

[0 0 3 5] Sfc, _b|5 nil nGaAsPl201^ 

P^n s/^Ji 10 8 tO^PBSmS I nGaAs PS 2 

0 i r t a*-e* , a^FS+ts 1 o 

5tpIInP^Py^|108 t^BBSrnl I nG 
a As PS 2 0 l^SiS^f^-^^. pilnP 
^py^fl 0 8<D;* h^>f ^WSrnSl nP^n^ 
110 7^b7^^BJ:9»< ttk pilnP^ 
KS l 0 4^?>f^Fettil 0 5 Sriio-CpM 

1 nP7'p^ll 0 Slrfett^ !I^«tt»4U 
V\ tot, «*aSWi«S:J:5»E<-e#5fc«>, 

*-T-oW««ESrJ:D-«te«t?#5o **5* nil 
nGaAs PS 201 <£>S»§T 5 00 — 1 OOOAW 
<K*t"ar.tKlJ:5, niInP^!X^I107^ 
bnMl nGaAs PS 201 SriSoT n M I n 
KS l l 0^8IEixS1t«EJ£*SD Sr»«lbTV^a 0 

[0 0 3 6] Sfc. i3<7)i^M^^V^, Sf4S*¥ 

fcBBU-Ctt, Hl^«/at«fcW*fcfTft5^fc3WT?* 
[0 0 3 7] H4tt, *3BMK«5**frU— !f<^i|i2 

#i/~im> h9>f tTSJSi o 2j9S»j*S*l*:p 

S I nPSS3 0 l_blr, ZnK-^plInP^Py 
^110 8»^§ti> Sfc, ^«3S1 0 

2_b, pIInP^P;x^I108±^ S e K^n 
MI nP^P^/^Il 07, InGaAs/InGaA 
sPlWFffittil0 5, ZnK-ZpilnP^ 
7K1104, ZnK^pilnGaAsPa^? 
hS 3 0 2 36SW*fc*«il*i^rv^S 0 Sfc* pilnG 
aAsP^^^M3 0 2*B5fcttAu Zn/Aul 
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ttll 4$mj&£ft, tfcni I n P£«3 0 1 
HAuGe/N ittl 1 3aS»J*StU-CV^S 0 
[0 0 3 8] pIlnP/n>^|l08ttS 
i 0 2 Kl 0 3<D^X?±\Z\±&&$,n$tlT. S i 0 2 

f&M£tl%o *fc, SeK^nllnP^ny^H 
0 7ft, ^M?r 2 X 1 0 19 c m- 3 gg^ 

P^n y^Ji 1 0 rCiSU^tlBfD I n G a A s 
/ I n G a A s P Jtf^FSttJl 10 5 fclft, ni I n 
P^P^il 0 7tOKw^bt?J,5S e 

nil nP/D^^ll 0 7fcBH»bfc^* 
fflllffico InGaAs/InGaAsP I^^gttl 1 
0 5#S eCr)^£ : i:^#V^^j^>^t:$i^ N InGaAsP 
MM*1 1 2i4otV>5 0 

[0 0 3 9] H5BH4 o^SWfci — if <OJt3SXS«Sr 
StBTfcS, H 5 <7?JK3SXSMT?tt, ^"f*«Jfc, El 
5(a)^fJ;9^ nIInPSfi301±tfi2M 
raga^) ^ h / 1 0 2 ?rMt 6 0 r<£>*U-;* 

— ^^febfcS i Ojgl 0 3 t Lt!)x 

[0 0 4 0] ±IBS i OdBSl 0 3 ^bfc^^ 

t\ @5(b)^«ti5^ mm&mHfa&nm-e, z 

n K-^pII nP^py^ll 0 8 Sr»RfiS;*i--S 0 
S i 0 2 JRl 0 3 0^^Srtt«Ufca»U«ftfcJ:9, 
pllnP^Py^l 0 8ftS i 0 2 ll 0 3<D~?X 

^jtfctt*s*jEft***vr, s i o 2 bii 0 s^-^^^-e 

[004 1] #ct£ N @5(c) J: si o 2 -r 

1 0 3Srlft*bfc«te, #H^JH«ttj**ffiSrfflv^ 
t\ S e K^nl I nP7n7^il 0 7, InGa 
As/InGaAs Pi^#FfittI 10 5, Z n K— 
7 p piInP^7^K|104 J ZnK— /plInG 
a As P^V^ hjf30 2Sr]l|I*^^t: 0 ^^rS/^/W^c 
«$it^) 0 SeK^nllnP^ny^H 

0 7 ft, K- if V^»*Sr 2 x 1 0 19 c m" 3 *I»e:i£ft; 

P??y KS 10 4 0jttftH#mr£KJ 2 WrHSflE-C* 9 , 
r«nll nP^ny^ll 0 7f(DK-/<yht? 
*)5Se^ niInP^y^il0 7lli8lt^ 
iHftlffiCO I n G a A s / I nGaAsP i^FffittS 
10 5l*»t5ri:t\ n!lnPyP!X^I107 
fcBH*bfc^-5-«ffiO InGaAs/InGaAsP* 

1 nG a A s Pjfifi 112 £*5o 

[0042] ftflHc, 05(d) ^5*1" ± 5 K % pSln 
GaAsPny^ hJI 3 0 2SSl:Au Zn/Auf 
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ill 4fc»dtU ftnll nPl«3 0 l«ffiKA 
uGe/Nildll 3 8:»rtt5^i:tJ:!), 

[004 3] 05 0^#U-lF<Oja!r*iitg"ett, I n 
G a A s P l^#FffittI 10 5ft, 2IHS Ajftft 
-C\ nil nPlfi3 0 lSfcttnil nP^Py^l 
107ipIInP^7yK*104t a>W^*ix5 

[0 0 4 4] 3=fc % h9-f ^W^<o«atJfc*H:, 

10 ^ffflffil^^WcpS I nP^P y^JS 1 0 8 t n 
Ml n P7o $/^Ji 10 7 T^SfrfrteJ: Vft 

ftbnso P ainP7p^iio8fii 

S3 0 lO^lf^s^i^fclJB^fcS iO 2 I10 3<^) 

H2(oigM^t7^ y^7 7>fis^ 1 

20 [0 0 4 5] £fc, 04, i5^f#l/- 1f"Cft, ^ 
iHWffitf) InGaAs/InGaAs Pi^#F?£ttJS 
1 0 5 ft, BUSSUfcnl I nP^n ^110 7 <£> K— 

*Sfe^«S*i/rv^5. rntiD, SttJf 1 0 5(D7X^F 

[0 0 4 6] 0 6ft, 04CO^#:U— ifCD^^M^ 

30 1f*Bfifc:*5V*-T\ nIInP^Py^|107ipII 
nP^^|108iOHfc, *1h»Rte»oT\ $ 
kfcl, niInP|4 0 1»^SIltV^o 
[0 0 4 7] B6^*U- ift. 3B*W^ft, 0 5 
(a)»S(d)o«»JjSteJ:ot:*3t-C#S*5, ^Ofi 

0 3^^^SrBfe*Lfc«, niInP7n^ 
■ l0 7Sr*ftt5fc*Sot, ^f^«Wfiotni 
I nPl40 1 SrfifeftS^rSo 

[0 0 4 8] r<7)4frg\ nIInPl401(l IMS 
40 _h«B^*5V^T, S^#FffittS 105inII nPSS 

3 0 1 b<Dffi\zffix£ftz>tzL$>, pnm^tmtnmM 

*tt#ffitt* 10 5 tXffi"*»Srffi»b. »^tf)«*Pt 

[0 0 4 9] Sfc, ±|BnfflI nPjf40 lffiKtfbin 
Z^kK^V)^ i^#FSttJil OSipIInP^P 
1 0 8 t(DMc&mm&, 4"fc< HnllnPi 

4 0 1<Z)IJ?£lj-m«b^^ ^n&cJ;^ pi 
I nPf7yKl 0 4Wfittll 0 5SriSoTpII 

50 nP7n^H 0 8 RiftltS U — ^«SESrWltT?# 
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gfE^D s/^ffi^-efe5 pnpnW!! ^Wit©* — V 
^-V«JE^iiAP$-ar-5r t^-e#s o frja, nllnP 
J14 0 1 <D«ff&ff< U-f-^Si:, niInPl401 

nPl4 0 1OffiLm M^tfioooASSl; 
•f-5o 

[0 0 5 0] *7t, m6<VMj$.m\Z$5\,^X, SttB?^ 

[0 0 5 1] 4fc. 0 7i4, 04©#>t$*l-'— ^(Dj&(D 

W-if #itlc*JV ^"C, nIInPiS301tp 
M I n yt?M 1 0 8 k(Offl(D ^-V-ftim^, M^lfc 

■^R^-r^mm^w&MTks o 1 a*§ bi-^tt^nx 

v^o r(D#mS^-Pt@*5fe5 0 1{4, ff^^HVetl 
ffej^JS <D p SG a I nAsip SA 1 I n A s <DWfe 

Atb^m^i-MLT, InPliH^ClSV^ 20 

i£#*5t5 0 1 14, :&»&«^j*«ife*fliV*fc»«J** 

I nPiR3 0 1 (D^lUBi^^Jt^T^-^ffillffiW^ 
/u^— PfS^SK 4ctv^ 0 r.;ftK4>K ^iMI±g|5 

[0 0 5 2] 0814, 0 6 

if*jt(C*J}t-5 pi I n P^'n -y^Jl 1 30 
0 8l:^t5pl7'P!Xi!'S(pII nP^'^S) 
«r»Nj*«-Cttfc <nIInPSfi301tp 

l-c^s„ ro#-g-(c{4, m^^LW^im^tta 

[0 0 5 3] £fc, Z nffitfeffi*lc6 0 1 {4, * iMfll®/^ 

p^py^fieoiroMiSr, ^f"^ h7-f o 

««»c««ESr«9»t?t 5. tto-C, Jfc^wWtafcSrJ:?) 40 

[00 5 4] — 0 8 * * f" 

tB_hgROM{Mtc p §y^Jfi%T*fo3 Z n SrJ£fSc bfcr. t 
4t), iSttil05tpSl'nP/ay^i601i«S 
*^i~Sffi^^ig^p U pIUP^7yKI104 
^bgttil 0 5 Sril-oTpM I nPycy^lB 0 1 

i-Sfcfed, 08CO«^-C(4 > nIInP7'P7^Il 
0 7&^i-5^^3to-C, ^««otniI n 
PI4 0 1 Sr^S^*TV^5 0 50 
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[0 0 5 5] 0 9(4, l6©*f*Wf©I» 

aE»«Sr*i-Ht?*>*. 09©^frl/-ftli, 0 6 

1108 ^IftatttF e I nP/oy^ 

1701 jrlfHTV^. 0 9 <o¥RMt 

F e K— ~f InPypy^l7 0 1 iJM IHSflffi 

£jKrt$ftS£ tciot, ^-y-^ h7-r^#5ti o 2 

[0 0 5 6] p nm^UT^m^^tsmf-Xti. i«SJS 

Tt4* < , 0 9©4 5t-^&ltJi£^fcm^tt, * 
[0057] Sfc, FeSr h fcfliVfc^JftfcHi 

i npyoy^im jEii^mmv^^t^hiv 

TV^„ 0 9©fifit{c:4;ft.t4, ¥*6iiH4F e K— Zfl n 
P^p y^S 701l4pIInP^7yK1104 b& 

[0 0 5 8] SbK, Esro^ffti^-fm nil 

nP7'py^ll0 7^t?itft3ioT 1 nlln 

Pl40i*^t5riCi^ ffittf i05t« 

igtttF e K— 71 nP^Py^f 70 1 bCOmt&&ffi± 
L, ^N&gcttl nP7*P'^i70 ltfCFeMttl 
1 0 5fci^LT»3te^&£te£*S*tta s £-FS<0 

[0 0 5 9] Jij£Lfc£*j&«, 

SK— 7*nII nPJil 0 7§rfflV>T, *^#F r ?g'ttJi 

i o 5 sr«fftmt;i--5 n t ic 4 9 > i i a 

5* ttfeS. ^cT, InGaAsPtf^Ftll 

PSS3 0 1 irtt^^L-C^ii^FSttJi 1 0 5 
CO I n G a A s P*T-#FS t I nGaAs P^DTg 

I n G a A s PjgSl 1 214^-f L.fc I nPSi30 1 

InGaAsPlllU ©Jiff*S«SlHW:et-tK*5 

L*5„ 01O(a){4, r.co4 5*^S* J *i"5«>Sr0 

[0 0 6 0] 0io (a)^#It5t> r.w^NWfrw- 

if (4, ^frW(rt4, meo^m^—ftmm^m^ 

HffcflBtSrSHiU-CVS. 01O(b){401 
0 (a )ffl*^V-f ©iWFSttl 8 0 1 <Dflfj&§r 
*t01?*t)> 01 0 (b)5r#RH-5 t> 010(a)© 
^■ft: u-froif-^Fffitti 8 0 1 ir(4, 3g*-?#F 
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18 0 2 tms<!) 718 0 3^ttb*l/rV^ 0 &*5, 
H8(b)^8 04ttInGaAs P3fe2*jfeJB"efc 5 ^ 

I np||3 o l i&T-#^LfdJp:£ 1 o ooAmm<D 

I no.72Gao.2sA s o. ei P o. 39|pfs^£)^;o*tV>^ 0 
[0 0 6 1] 01 0 (b)fc*5V>T, Mi^FM 8 0 2 
n. o. eoG a o. 40A 

i^y7i8 0 3itm Mtfino. 83 

G a o. 17A s o. 23P0. 77^A^IV> bil^o ^:tt N M 
IWI8 0 2^ MxJis P$^5 0Ag«-e4i 

ff£**5 0AS*-C5l8*©toi6otv^ 
5 0 ll^#Fl8 0 2it UPIS30 

718 0 3(1 InPlS3 0lWtbtO, 4 7%g 
flW>3ISBI«:gl*io 
[00 6 2] ±m<D ± 5 801 (i-fc 

^rfc«*^ « 3D £ s e <oar»-T»«ftWb; Lt»« bfc 

I n G a A s PSA 8 0 5 collate, 3fe*»EJi 8 0 4 (7) 

SrT« 0 ;i*U-£?K «^>ft;$ttfc I n 

GaAsP»fi8 0 5 0#B5*» teffi«r»«IL 
I n G a A sIOt-^sBfe^Sl*©^ tfmT"^ 
[0063]gllH 

(Dm^m^-rm t? *> s „ mi n 

Ml nPSS3 0 l±fc^"^«3t9 0 l«S»J*Sft, ^ 
if*i£9 0 liS»*StLfcnSl nPS«3 0 1 ±Rl % 
nl I nP^7S' KS 110, InGaAs/InGa 
A s P4^#F@f£Jf9 0 2, pSlnP*1^9yK 

19 0 3, SeK^nllnP^P^^ilOT, p 
IInP»2^?yKl904 l pilnGaAsP^ 

hJl3 0 2iWB*fc»jtftSftTV*5. pi 
InGaAsP^y^H3 0 2*ffifcttAuZn/ 
Aulffill4«^ SfcnIInPS«3 0 1 
IffiWj:AuGe/Niiffil 1 3riS»/*3*l/tl*5 0 

[ o 0 6 4 ] 0 1 2 ttH 1 1 <0¥*#u— f 
«fc*-*-BK?*S. Hi 2 0ifitnjH«tftt, SteTSSl 
id, il2(a)H/Tti5^ niInPi«30li 
X h^^^SR&HlttfcS i 0 2 JRl 0 2<£>-^ 

^*J^^;i-^o c^-e, Sio 2 gio2^^^ 

[0 0 6 5] #cte\ EH 2 (b)^^r-TJ: 5 fc:, 
«*i**Sr«v^fc»Rfifc«^«t 9, S i 0 2 il 0 2^ 
liSilTnl I n PSS3 0 1 *ffitfS«rm 

*<* h7-f^*^««)^s «^*«JS9 0 1 &m 
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lfctZ> 0 Z.<Db%, S iOa«10 2O^^±tttfi 
l#ffi<0tt»flntt(l l DBSi4oW5 0 

[0 0 6 6] JfcUl, S i O z Jg| 102 <D-*X ? SrSft* b 

KJ: 0 2 0BO*t*/*ft£ff*5 o -f-*fo*>, ^*#RS 
9 0 1tf»fi!SSilfcl*3 0 1±t, nIInP^7S/ 
KfllO, InGaAs/lnGaAs P*^f#F?g 
f£JB 902, pIInPil^7^Kl9 03, SeK 
10 ^niInP^P*^«107 f p!lnPl2^7 
yK|9 0 4, plInGaAsP^^ni302 
fcJOI&fcJ&fc-t-So SeK-AilnP/P 
7^110 711 Se(7)K-tV^IS^2X10 19 c 
m- 3 ^ft^*-r^^^^ tot, y^JC-hfctttt** 

Mtsn&o fi-^#FSi4S9 0 2te38v^ra, ^ 

[0 0 6 7] H9(d)^*tJ: 5 pi I n 

20 GaAsP=iy^^M3 0 2$ffiCAu Z n/Aul 
• H4S:»fi!tU 4fcnII-nP*S3 0 1|ffil:A 
uGe/N ilil 1 3fc»ritr«n iKiD, 
u— if£rf#5 0 

[0 0 6 8] 012 (D^Lftru— if W«j&*8s"t*tt, I 
nGaAsPi^Fgtt|9 0 2H 2 [U g CO^^ 
Jtnll nP^77K1110i:piI nPS|1^9 
v KJ19 0 3 0HDKit**ti*fcft, M«Hi«^^ 

[0 0 6 9] Sfc, ;*if* h9^:/»^o««aiE*B\ 

30 piInP^77Kl9 0 3, 9 04^nHnP7'n 

7^11 0 7 t<Dm/<JTxm&\z£V)'fffj:i?ftZ> 0 * 
fc N nil nP7 0 P7^I^t(IJBl^Bt^3 
J*£;ft/rv^fc«), 7tMiy^77^Ig^llElt^ 

[0070] HI 1, 01 2 0*W*V'— iF<z>jR5ftlS 

11,01 2©*»#v-— FTtt, f^FSttl^i 

40 ft©±5iatff4 5Cts5 s t?t5o 01 
l, 01 2<^^#:u— if -Cd p<if#4ffico*^#FS 

<45o «ot\ ^lMBJi»(0»^#FSffiltt, 

A £ ftfc * y T «: if ]H_bg[5 BJ C» » « £ "C# 

50 ^?fi^«<*!), *+yr©nc&fc»*tt*#<* 
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So fcf£U * f-#4ffit= InGaAs/InGaAsP 
*^#FSttJf 9 0 2 < £-tb&v ^ i: , Sttg^c 
ft>f fr^ -^Mffilina I nP^7y KJB 110 ;$Sf?ttt u 

I n G a A s PJf £»/&-f-5 - t AmM^h^. 

[007 11 ^,811, R12 oiNlfru— !F-tf 

5rt/5ST§5o tot, rcD^^-f^ 
^e— K#i£— =e— K"^5^b-C*S-t-5. 
[0 0 7 2] 

*£9lE*J©369lfcJ:;h,tf. S^-#F#)g£llrtf I nG 
a A s PfiH*yfjJ* I n P«^*ixT*5 5 , %:<OWfc& 
nwr%Z.k1fil2:\\ lot, gttiMStlnPi 
fiM§UB©Asft»:f«rS&ihi-5fcfc 
l:A>H.t«ti«iJi4<, PiAsoWWStL 

[0 0 7 3] 1 »SI»**8|Stt«)¥*# 

^tllzmmi-Z> S e K-/nI I n Pi^f. K- 

T^ft^fi^^FW^iis M&Jffc&fotc I n G a A s 
[0 0 7 4] _h|ES e K-AH nPflt S 

e k— tr>-^»tfeas0!*.ii8 x i o 1S c m-^-Wrts:* 

tr^r-t U T<7>^ fcft^M Ciifet Sr^m-T?) - t 

[0075] fc*5, i isit©^* v—^<omm 

0 18 c m- 3 ^-htriS^-r 5 r t ic X <9 * iHMffilz g as 
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Ufcpg I nPypy^It©»/W7^ 
[0 0 7 6] 4fc, »#«2|B*<0i£**W-itoK3i 

pSl nP^py^f Sr»*t5e*4oT, ;*lHgtft 
CSotnll nGa As PlJr^tS itt^^ 

10 5fei-?>Xg^*5V\T s l|BnIInGaAsPl^7 

Sfc, fittfipIInP^77Kli 
<DHPHSrnai nGa As P Jf Wjfff^fMtP UTSf-Tr 
ilcitK pll nP^77 KS^feSttBSriioTp 

20 [0 0 7 7] ffc, lt*Ijt 3 IE«W^*fr ?<DMm 

P7 , P77li> S eS:i«»«{cK— f^^UtT^ f-ffil 
Bteat^ftt^Ufcnll nP7*a7^ii:©f 
^T^^t: J: ^mfcfcftS, t£o-c\ 2 
SE^feWfajg^Jfe^Jt^T^* h y 777 7^18/55 1 [S 

[0 0 7 8] Bt*«4|B|t©^*#:W--1> , «>a45e 

Tnll nPJBSr^j*f5ri:»cJ:9, ^ lHB-b«8K:*5 
gttfi:nll n P*« t coP^t_h|BnM I n 
Pl^jfA^iX, -ttirioT, p n&&m& tWfStik 

i:^-e#5, SttJltpMl nP/P7 7i©S 

MSEBf^rnSi n PJi©Ji*T?#J»bt:»i-ri36ST? 

40 P^a y?m\'miZV~?WM&i&&&-£Z>^ttf-<: 
m(-i!5, SSftT'P'S'^KjgTfoSpnpn-y- 

[0 0 7 9] *fc, »*gi5IE«t<D^J»ffV"- 
*fe-Ctt, lf*il3WMit*&{c:APx.-C, nllnPl 

#fi*^-|*®*5t 1- iot, nllnPlS©^ f- W± 
50 «?BI«SESrJ:t)— *<S«S*S^t*s-C#5. 
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[0 0 8 0] ±Jt, lt*«6fBicW^#:i— IfcoMit 
*&-C{4 s If *rl 3 Sfcttif *JS4 <7>M5t*ffiic^3V^T 

nil nPSSCpI»«tt5rK« 
tic: J; 9, ^fe/fcRlS^lSc^tfti^ Kig 
^fefcT^B £ ft <9 ^ * h £rffiM-e# s fc, pl^ 

morns'. v,tz.mm±* vmmmx-tz < / f-uugpo 

[00 8 1] £fc, lt*^7fE«ro^#U'— TroMit 10 
*fe-eti, MM-? n y * Jf i: L-C¥^tt InP/o y 
^JtSr/Bv^r tic J: 0» *?0>4F£***t'.h&<& 

[0 0 8 2] £fc s lt*JS8|E«c<0^«:u-lfwffijt 

I nGaAsPWU nPiStfe^l^tSJ;? 

L.TV^5„ rWii^ M&frfcZtltii I nGa A s P 

ttSri "9— Jf ftJb^-tirSi t^T*#?)„ 20 
[0 0 8 3] &fc, tt*^9fB«W^#:u-if"(OMiit 

Jftf>Jf:$£?> ft 3 «fc 5 ^TE^i" S^t^i 0, y 

/N£<ft9, SttSi^A $tifc^-r y T&;*1Hf_hg|5 

[ 0 O 8 4 ] $ <b\Z, 19*1 9 fEftO^PjT?!*, mass* 
«£&trft otctbCOS e K-^nl I nP/n -y^S^^ 30 

[0ffi<75ffi*fttfcSI3] 

[0 i ] ^m\m^^m^-^<om 1 ^ffi^jsr* 
[0 2] 01 ^^^-^(ommjLum^mi-mx-h 

[|H3] Ell <D*mfa^— ?<D&MM*7rr1rmX«hZ><, 
[04] *^BJ{-#S^*^w-if^2<D«^;M5r^ 40 
i-0-efe5„ 

[05] Hl4W^#:u—1f<7)M3txm0!l^^1-|2l-efc 
[06] m4co¥-Wi£^- ifc^M^i-BI-efeS, 
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[1217] 04W^i»#:u-ifW^0-!)S:*i-|l|-efe5 o 
[El 8] 0 6£>^2g#U— IfW^M^-ria-e*.?.. 
[0 9] El6«^#:i— if(O^M5r^-f-0-efcSo 
[010] |2|6(D^#:u— ifco^MSr^-riH-efc 

[mil] mgwicmz^mfcu-- ?<Dm<DMi&m$:* 

[012] 01 l^)^#:w-1f<DM)txmM&*i-0 

[mi 3] ^*cqbhi/— y<D— ««r*-t"Bi-e*« 0 

[014] B H W'-f (^-«SrSt0-efc So 

[015] **o*»#i^-1fo«/ft«Sr*-t-B-Tf* 

So 



10 1 p§U n P2&K 

102 *D-xb?<<ymm. 

10 3 Si 0 2 Jg|(^;*^) 

10 4 pIInP^7$/Ki 

1 o 5 

10 6 ni I n P^-Y-z^Jf 

10 7 nS I nP7'n *>^J1 

10 8 pll nP^P V?M 

10 9 Si o*m(y*?) 

110 nS I nP^7^KI 

111 ni InGaAsPny^^M 

112 InGaAsP m$kfcffi$L 

113 nig 

114 p MU 

2 0 1 ni InGaAsPf 

3 0 1 nil nPlS 

302 pilnGaAsPny^^M 

4 0 1 ni I n PJ1 

5 o l #fi*^Pti£#3£ 
60 1 ZnHSS 

7 0 1 ¥*fi»t£F e K— ^ I n P7p y^S 

8 0 1 

802 InGaAs iHSSSHNtFJf 

803 InGaAsP giSfiffi^ U Tjf 

8 04 InGaAsPBSl 

9 0 1 IMtias^t^ by-f/Sl 
9 0 2 a^^FSttJl 

9 0 3 pIInPiH7^KI 

9 04 pIInPl2^7yKi 
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